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Abstract. Root system development in maize seedlings has a influence on the further 
development of the plant; also length of mesocotyl and depth of  coleoptile influence which can sow 
corn, play an important role in the uniformity of culture and plant growth and development. The area 
in witch has been created corn genotype, soil type and climate, but also some elements of technology 
have influenced the development of root system, the  length of mesocotyl and coleoptile of the young 
plantlet. The paper  presents variability in root system development of 40 inbred lines of corn , 
coleoptile and mesocotyl development in  the same set of inbred lines and correlations between these 
characters. 
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INTRODUCTION 
 
Seminal roots are originate from the scutelar node located within the seed embryo and 
they are composed  of  the primary and seminal roots. Even if the primary seminal roots are 
technically nodal roots, a distinction is made between them and nodal roots that develop later 
(underground or above ground) from the first nodes of the plant above the mesocotyl area 
(Nielsen, 2010). The importance of seminal roots is related to the fact that they influence the 
development of maize seedlings by taking water for physiological processes from the soil, 
although the young corn seedlings depends primarily of the endosperm starch reserves.  
The amount of corn root depends on how they perform genotypes on production 
capacity, resistance to drought, but also root lodging (Cbulea,1983;Gruia,1986). 
  At the corn plantlets are important coleoptile and mesocotyl length; on these  length 
depends  the depth at which specific genotypes sown corn. These elements, combined with 
endosperm reserve starch and response to oscillating temperatures during sowing and emerge 
period provide uniformity and further development of plants (Jenison i colab., 1981; Lipps i 
colab., 2004; Nielsen, 2004;2010).  
For these reasons it was considered appropriate to analyze the variability of root 
system development coleoptile and mesocotyl to corn seedlings of 40 inbred lines early and 
midearly. 
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MATERIALS  AND METHODS 
 
Root system development, the mesocotyl and coleoptile was studied in a number of 40 
inbred lines, early and midearly designed to Maize Breeding Department of ARDS Turda or 
obtained through international exchanges. 
 For each inbred line were made by a number of 15 grains to germinate; there were 
analyzed 10 plantlets each entry. 
The conditions under which seed germination was carried out were:  
- germination layer “between papers”;  
- 20-300C temperature ; 
- under natural light. 
Nine days after making germinated following determinations were made.  
- number of primary roots ; 
- embryonic root length (cm) ; 
- primary root length (cm) ; 
- fresh matter root weight (g);  
- dry matter root weight (g) ; 
- mesocotyl length (cm) ; 
- coleoptile length (cm ) ; 
- plantlet length (cm). 
The arithmetic mean for the 10 plants was measured (weighed). Variability 
characterization was done by calculating the average ( x ), the mean standard deviation (s), 
amplitude of variation, variance (s2) the coefficient of variation (CEAPOIU, 1968). 
There were calculated phenotypic coefficients of correlation between the studied 
characters, and where the correlation coefficients were picked to assess the linear regression 
between the two characters. 
 
RESULTS AND DISCUSSION 
 
The analysis of sequence variation for root characters in the 40 inbred lines of corn are 
presented in Tab. 1. 
The average length of embryonic root (Tab. 2) was 23.27 cm, 18.11 cm amplitude 
with values between 13.24 cm and 31.35. The coefficient of variability was quite high, 
indicating a high variability of biological material studied. The average length of primary 
roots was 9.82 cm; the amplitude, as great as with embryonic roots was between 2.28 cm and 
20.45 cm. The coefficient of variation had a very high value (40.47%) indicating the high 
degree of variability in the length of primary roots.  
The average number of primary roots was relatively low, 3.66,  and individual values 
ranged from 1.2 cm to 5.8 cm. Relatively high value for the coefficient of variation indicates 
high variability of the character from the 40 genotypes studied. 
 In Tables 2 and 3 are presented inbred lines with the length greater than or less for 
embryonic roots, primary roots respectively. The tables present values for the other characters 
studied. 
The highest length for embryonic stem was recorded for TC 208 Nrf “C” inbred line; 
(31.35 cm) followed by TC 399 and TC 208 cms “C”. The fact that both inbred lines derived 
from the nucleus with TC 208 were recorded similar results for this character seems to 
indicate that embryonic root length was not influenced by the cytoplasm. Inbred lines 
observed for embryonic root length were generally higher values for primary root length olso. 
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With low values of embryonic stem length (and implicitly the primary root) were 
determined inbred lines LC 363 Nrf “C”, F2, LC 363 cms “C”, TA 428, LC 733, important for 
the production of seed lines. The results show us the possibility that these inbred lines to have 
high lodging root tendency. 
Tab. 1 
Study of roots traits in maize inbred lines plantlet 
 
Statistical analysis  
Embrionary roots; length 
(cm) 
Primary roots; length 
(cm) 
Primary roots; number 
Mean 23,2703 9,8195 3,6568 
Standard error 0,7501 0,6283 0,1961 
Standard deviation 4,7442 3,9741 1,2401 
Variance 22,5070 15,7931 1,5378 
Coefficient of variability 
% 20,39 40,47 33,91 
Range 18,11 18,17 4,6 
Minimum 13,24 2,28 1,2 
Maximum 31,35 20,45 5,8 
Count  40 40 40 
 
Tab. 2 
Inbred lines with longest / shortest embrionary roots 
 
 Inbred lines Embrionary 
roots; length 
(cm) 
Primary roots; 
length (cm) 
Mesocotyl 
Length 
(cm) 
Coleoptile 
length(cm) 
Plantlet 
length (cm) 
1 TC 208 Nrf „C” 31,35 18,61 1,48 3,10 4,58 
2 TC 399 28,78 13,12 1,60 3,80 5,40 
3 TC 208 cms „C” 28,66 13,82 1,48 2,40 3,88 
4 LC 659 Nrf „C” 28,18 7,27 1,86 2,70 4,56 
5 LC 120 27,88 11,82 1,26 3,40 4,66 
....... 
36 LC 733 15,37 5,37 1,63 2,23 3,87 
37 TA 428 15,04 2,28 1,88 2,48 4,36 
38 LC 363 cms „C” 13,76 9,27 0,72 2,08 2,80 
39 F2 13,74 2,52 1,10 3,20 4,30 
40 LC 363 Nrf „C” 13,24 6,54 0,64 1,74 2,38 
Confidence level (0,95)      1,52                 1,27                 0,09              0,18                0,23 
 
The highest values for primary root length were recorded in TB 367, TC 208 Nrf“C”, K 
1653, and lowest in inbred lines TA428, F2, LC660, D105 and LC 733. High correlation 
coefficient value (0.6048 ***) very statistically significant, shows the strong connection, such 
as genetics, embryonic roots length and length of primary roots (Tab. 8). 
Analysis of variance for length of mesocotyl, length of coleoptile and young plantlets 
are presented in Tab. 4. 
Mesocotyl length had an average of 1.36 cm, with values between 0.64 cm and 1.96 cm. 
The coefficient of variation in the amount of 21.96% indicates a high variability of the sample 
character.The length of coleoptile , one of the most important in terms of agronomic 
characters had values between 1.74 and 4.02 cm, an average of 2.87 cm. Variability 
coefficient of 19.86%  indicates a high variability of the character.Length of corn plantlets to 
9 days after the release of germinated had an average of 4.23 cm, minimum and maximum 
values recorded were 2.38 cm, 5.62 cm, respectively.The 17.26% coefficient of variability is 
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quite high, but lower than the coefficients of variation for length of coleoptile and  mesocotyl. 
Tables 5, 6 and 7 are the maximum and minimum values genotypes of length of mesocotyl, 
coleoptile and plantlets. 
Longest mesocotyl inbred lines was in the LC 702, TA 428, LC 659 NRF “C”; and the 
lowest for the inbred lines LC 363 Nrf “C”,  LC 363 cms “C” and K 1051. Between 
mesocotyl length and coleoptile length correlation coefficient is 0.3502 *, indicate a degree of 
connection between the two characters, much lower than the correlation coefficient between 
length of coleoptile and length of plantlet (0.9233 ***) .In Tab. 6 are presented the inbred 
lines that showed the highest and lowest value for the coleoptile length . Inbred lines with 
high coleoptile length are important for use in improving this character from elite inbred lines, 
shapes maternal parental formulas hybridization. Corn genotypes with great length of 
coleoptile can be sown deeper and will be able to rise in years when drought is installed 
during the sowing period. Five inbred lines observed for this character (K1080, LC 761 Nrf 
“C”, F7, Lo3Rf, TC 399) are part of the used pretty much improvement programs inbred lines 
for different characters. That the last two places in the category inbred lines with the lowest 
values of coleoptile length are two isonucleare lines (LC 363, Nrf “C” and LC 363 cms “C”); 
it is an indication that this character is transmitted by genes with nuclear localization; low 
values for the length coleoptile these inbred lines used to draw attention to the caution of these 
parental lines that form ordinary maternal commercial hybrids. Between coleoptile length and 
plantlet length  there is a close correlation (70.9233 ***), confirmed by the values of these 
characters in Tab. 6. 
Classification of inbred lines after long plantlets (Tab.7) copies to an extent quite high 
results from Tab.6. In the first five classes according to length of inbred lines plantlets are 
found four of the top five classic line length coleoptile and runners-up lines 36-40 are the 
same only reverse lines TB 329 and LC 254, in the order of classification. Selection of 
genotypes for the length of coleoptile / length of plantlets can be achieved easily, since the 
transmission of hereditary character of nuclear genes appear to be involved. 
 
 
Tab. 3 
Inbred lines with longest / shortest primary roots 
 
 Inbred lines Primary 
roots; length 
(cm) 
Embrionary roots; 
length (cm) 
Mesocotyl; 
length(cm) 
Coleoptile 
length(cm) 
Plantlet 
length 
(cm) 
1 TB 367 20,45 25,18 1,04 2,78 3,82 
2 TC 208 Nrf „C” 18,61 31,35 1,48 3,10 4,58 
3 K 1653 16,42 27,50 1,32 2,32 3,64 
4 LC 732 cms „C” 16,53 27,84 1,40 3,34 4,74 
5 TC 208 cms „C” 13,82 28,66 1,48 2,40 3,88 
....... 
36 LC 733 5,37 15,37 1,63 2,23 3,87 
37 D105 5,02 22,38 1,10 2,28 3,38 
38 LC 660 4,77 20,83 1,43 2,83 4,25 
39 F2 2,52 13,74 1,10 3,20 4,30 
40 TA 428 2,28 15,04 1,88 2,48 4,36 
Confidence level (0,95)   1,27               1,52                      0,09               0,18              0,23 
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Tab. 4 
Study of maize inbred lines plantlet traits 
 
Statistical analysis  
Mesocotyl  length (cm) Coleoptile  length (cm) Young plant length 
Mean 1,3620 2,8670 4,2290 
Standard error 0,0473 0,0901 0,1154 
Standard deviation 0,2991 0,5695 0,7299 
Variance 0,0894 0,3243 0,5328 
Coefficient of variability 
% 
21,96 19,86 17,26 
Range 1,32 2,28 3,24 
Minimum 0,64 1,74 2,38 
Maximum 1,96 4,02 5,62 
Count  40 40 40 
 
Tab. 5 
Inbred lines with longest / shortest mesocotyl 
 
 Inbred lines Primary 
roots; length 
(cm) 
Embrionary roots; 
length (cm) 
Mesocotyl 
roots; 
length(cm) 
Coleoptile 
length 
(cm) 
Plantlet 
length 
(cm) 
1 LC 702 1,96 2,78 4,74 9,79 22,28 
2 TA 428 1,88 2,48 4,36 2,28 15,04 
3 LC 659 Nrf „C” 1,86 2,70 4,56 7,27 28,18 
4 TC 209 1,76 3,00 4,76 9,00 29,32 
5 LC 659 cms „C” 1,72 2,48 4,20 6,63 27,04 
..... 
36 TB 367 1,04 2,78 3,82 20,45 25,18 
37 TB 329 1,02 2,10 3,12 11,16 25,56 
38 K 2051 0,92 2,90 3,82 9,03 21,48 
39 LC 363 cms „C” 0,72 2,08 2,80 9,27 13,76 
40 LC363 Nrf „C” 0,64 1,74 2,38 6,54 13,24 
Confidence level (0,95)     0,09                0,18                        0,23                 1,52            1,27 
 
Tab 6 
Inbred lines with longest / shortest coleoptile 
 
 Inbred lines Coleoptile 
 length (cm) 
Mesocotyl 
length (cm) 
Plantlet 
length 
(cm) 
Primary 
roots 
length(cm) 
Embrionary 
roots length 
(cm) 
1 K1080 4,02 1,18 5,20 7,10 18,76 
2 F7 3,94 1,68 5,62 13,73 27,26 
3 LC 761 Nrf „C” 3,92 1,64 5,56 11,41 24,70 
4 Lo3 Rf 3,82 1,38 5,02 13,25 24,64 
5 TC 399 3,80 1,60 5,40 13,12 28,78 
...... 
36 P1931 2,16 1,16 3,32 5,71 21,62 
37 TB 329 2,10 1,02 3,12 11,16 25,56 
38 LC 254 2,10 1,20 3,30 5,40 25,24 
39 LC 363 cms „C” 2,02 0,72 2,80 9,27 13,76 
40 LC 363 Nrf „C” 1,74 0,64 2,38 6,54 13,24 
Confidence level (0,95)      0,18                  0,09              0,23           1,52                 1,27 
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Tab 7 
Inbred lines with longest / shortest plantlet 
Confidence level (0,95)   0,23              0,09                0,18            1,52                   1,27 
A complete picture on the links between the characters studied in the 40 inbred lines is 
given by Tab. 8  where are presented the correlations between characters. 
Elevated, highly statistically significant had following pairs of characters 
 - embrionary roots length - the length of primary roots + 0.6048 *; 
 - embrionary roots length - weight of roots (dry matter) +0.6141 ***; 
 - primary root length - root weight (fresh matter) + 0.5597 ** 
    - primary root length - weight of roots (dry matter) + 0.6187 ***   
   - root weight (fresh matter) - weight of roots (dry matter) + 0.8214 ***  
   - mesocotyl length - the length of plantlets + 0.6831 * **  
   - coleoptileului length - the length of plantlets + 0.9233 *** 
There have been correlations in absolute value lower, but statistically significant for the 
following pairs of characters: 
-embrionary roots length - weight of roots (fresh matter) + 0.4825 **  
-the length of  coleoptile - the length of primary roots           + 0.3283 *  
-the length of  coleoptile - the length of plantlet                  + 0.3502 * 
Most of the characters studied are positively correlated; these values wich are positively 
correlated show the potential to improve simultaneous the characters of interest. Only three of 
the groups of characters are inversely correlated, and correlation values are small, statistically 
insignificant (Tab. 8). 
 Inbred lines Plantlet 
length(cm) 
Mesocotyl 
length (cm) 
Coleoptile 
length (cm) 
Primary roots 
length(cm) 
Embrionary 
roots length 
(cm) 
1 F7 5,62 1,68 3,94 13,73 27,26 
2 LC 761 Nrf „C” 5,56 1,64 3,92 13,25 24,70 
3 Lo3 Rf 5,20 1,38 3,82 13,12 24,64 
4 TC 399 5,40 1,60 3,80 11,41 28,78 
5 TC 209 4,76 1,76 3,00 9,00 29,32 
 
36 P1931 3,32 1,16 2,16 5,71 21,62 
37 LC 254 3,30 1,20 2,10 5,40 25,24 
38 TB 329 3,12 1,02 2,10 11,16 25,56 
39 LC 363 cms „C” 2,80 0,72 2,08 9,27 13,76 
40 LC 363 Nrf „C” 2,38 0,64 1,74 6,54 13,24 
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Tab. 8 
Phenothipical corelations among young maize plants traits for 40 inbred lines 
 
Embrionary 
roots lenght  
Primary 
roots lenght 
Primary roots 
number 
Roots 
weigh, fresh 
matter 
Roots 
weigh, dry 
matter 
Mesocotyl 
lenght  
Coleoptyl 
lenght  
Young 
plant 
lenght 
 
1 2 3 4 5 6 7 8 
Embrionary roots 
lenght 1 x        
Primary roots lenght 2 0,6048*** x       
Primary roots number 3 -0,1704 0,1811 x      
Roots weigh, fresh 
matter 4 0,4825** 0,5597*** 0,3904 x     
Roots weigh, dry 
matter 5 0,6141*** 0,6187*** 0,2931 0,8214*** x    
Mesocotyl lenght 
 
6 0,3224* -0,0045 -0,2115 0,0564 0,0907 x   
Coleoptyl lenght 
 
7 0,2158 0,3283* 0,2495 0,2498 0,2956 0,3502* x  
Young plant lenght 8 0,3001 0,2541 0,1084 0,2181 0,2678 0,6831*** 0,9233 x 
 
              r      = 5% - 0,304           r-  = 1,0% - 0,393             r-  = 0,1% - 0,4 
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CONCLUSIONS 
 
1. There is sufficient phenotypic variability and as well genetic variability for roots, 
mesocotyl and coleoptile in studied corn  inbred lines and this variability can be utilized in 
breeding. 
2. Inbred lines with high embrionary and primary root length can be used in breeding 
programs that aim at achieving some form of corn resistant to root lodging, resistant to drought 
early in the growing season. 
3. Inbred lines K1080, F7, LC 761 Nrf  “C” and TC 199 Lo3Rf provide genes for coleoptile 
length in order to obtain genotypes to be planted deeper to avoid uneven emergence in  dry 
springs. 
4. Positive correlations between most characters studied indicates the possibility                        
of simultaneous improvement of most characters in young plants of corn. 
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